This is a relatively small number study. The concept of the study was interesting. I have several questions for the authors.
1. The authors should show the etiology of these heart failure patients. They also had better show information of medications especially about diuretics and vasodilators. During winter season, the onset of heart failure may increase with blood pressure increase. Thus information of medications must be required. 2. I would like to know how much increase can be seen in body temperature when normal person wear this thermal clothing. I think it must be difficult to change clothing behavior by using just two sets of thermal clothing. How do the authors decide "good adherence of wearing thermal clothing" in this study? These data must rely on the adherence. 3. Only sleep quality at night was improved in the thermal clothing group. Which component of PSQI was most affected by thermal clothing? Were there any significant differences between the two groups? 4. How do the authors distinguish the effect of thermal clothing from that of housing level insulation? It is not clearly explained in this study.
The paper is well written, and the work is clearly and accurately reported. I would recommend accepting it for publication subject to minor revision. I believe that only very minor amendments are needed and the paper could in fact be published in its current state.
General comments:
The study had only a relatively small sample size and was not vastly larger than the pilot study, which was previously published in BMJ Open. This is not necessarily a problem but the paper should perhaps explain more carefully the benefits of this full study in comparison to the pilot work.
There is a slight imbalance between the very detailed methods and the results and discussion sections which are quite brief. If possible, I would favour a reduction in the length of the methods section and greater development of the discussion in places.
For example, the final sentence of the abstract refers to the need to focus on e.g. improving home insulation but this is not discussed in any detail in the paper itself. Taking a broader view of the intervention, one drawback of thermal clothing is that it does not provide the important environmental benefits associated with home energy efficiency. It would be good to describe this and other tradeoffs in the more detail in the discussion.
I would recommend a specialist review of the statistical methods by a statistician/epidemiologist.
No CONSORT checklist is provided.
Specific comments:
Page 6 lines 25-27: It is not clear whether both the intervention and control arms received a thermometer. Based on page 6 it would appear that only the thermal clothing group were given this. Is it possible that the thermometer might have affected the behaviour of those people in the intervention group since they would be more aware of low temperatures? Page 11 line 43: I found Figure 4 quite unclear. It might be better to summarise the data in some way, rather than plotting the raw data.
Page 11 lines 47-49: Temperatures in intervention households seem to have been slightly higher (mean: +0.4, 95% CI: -0.3 to +1.0). Although this isn't significant, it might have affected the results and this would be worth noting.
Page 12 lines 1 -20: The discussion of potential cost implications is relevant but somewhat speculative (given the lack of statistically significant effects). It's certainly valid to raise these points but I think the section should include more caveats for the reader. I would recommend toning this section down slightly.
Page 12 line 53 to page 13 line 4: The discussion of limitations is relegated to just a few comments at the very end of the paper. I think the limitations should be explained in greater detail -in particular, key limitations related to the small sample size.
REVIEWER
Rosie Day University of Birmingham UK REVIEW RETURNED 22-Jun-2017
GENERAL COMMENTS
This is a clearly written report on an interesting and innovative study. It appears well designed and appropriately analysed. It will be of wider interest to the public health community and the readership of the journal. I recommend some small revisions, mainly to aid with clarity of explanation. P5, methods section, participants. I think it would be useful to explain a little more, for an international audience, how target patients were identified as having heart failure given potential data protection restrictions. What permissions were needed, or how were data protection considerations dealt with? P6, intervention section. 
I was surprised that such a trial was done is Brisbane, where the climate is hot, but the authors make a good case.
The trial appears well designed and analysed and the difficulties are described clearly. The target difference, halving of hospital stay, appears very large, and much larger than that seen in the pilot study. However, it is what they have done. Perhaps this would be a good discussion point, as any future trial should look for a smaller difference and have a correspondingly larger sample size.
The statistical analysis appeared to be correct. Analysis of hospital length of stay is difficult. It would have been helpful to have some data on the distribution of this. For example, are there many participants with zero days? Perhaps a table or a graph could be added.
I agree that log transformation would be appropriate for C-reactive protein. I think that if the results are to be presented on the log scale, they should state the base for the logarithms, e or 10. I would suggest, however, that back-transformation be used and the comparison between groups be presented as a ratio.
Could the authors combine the estimate for the primary outcome with that from the pilot study, to get an improved estimate of the effect?
I have not considered the appropriateness of references, as this is a statistical review.
VERSION 1 -AUTHOR RESPONSE
Reviewer: 1 Reviewer Name: Masahiko Kato Institution and Country: Division of Cardiovascular Medicine, Department of Molecular Medicine and Therapeutics, Faculty of Medicine, Tottori University
Barnett et al examined whether the use of thermal clothing might improve health during winter season. This study was a randomized, not blinded, parallel group trial. Primary outcome of this study was the number of days in hospital during winter adjusted the number of days at risk. And secondary outcomes were the number of GP visit, the number of presentation to public emergency departments, QOL, Sleep quality and blood samples such as cholesterol, fibrinogen and CRP. They concluded that there was no clear statistical improvement in health in the thermal clothing group.
This is a relatively small number study. The concept of the study was interesting. I have several questions for the authors. These are the following:
1. The authors should show the etiology of these heart failure patients. They also had better show information of medications especially about diuretics and vasodilators. During winter season, the onset of heart failure may increase with blood pressure increase. Thus information of medications must be required.
Response: Please see our comments to the Associate Editor. Although medication may be a predictor of BP increase it is very unlikely to confound the association with the randomly allocated thermal clothing.
2. I would like to know how much increase can be seen in body temperature when normal person wear this thermal clothing. I think it must be difficult to change clothing behavior by using just two sets of thermal clothing. How do the authors decide "good adherence of wearing thermal clothing" in this study? These data must rely on the adherence.
Response: The principle of wearing any clothing is to assist in maintaining body (core) temperature. Humans are homoeothermic and therefore defend core temperature by adjustments in heat loss (sweating, etc) and heat gain mechanisms (shivering). The seeking of shelter (removal of convective heat loss, i.e. wind), warmth (radiant heat, i.e. fires, sun) or putting on clothes all assist in maintaining thermal equilibrium. Therefore we would not expect to see changes in core temperature in this group other than the normal circadian rhythm. The benefit is in the removal of the energy cost associated with shivering. Thermals also work by trapping a warm air layer close to the surface of the skin, but allow moisture to move freely from the surface through the garment and be evaporated. We have now added some of the above text to the paper (page 6).
The thermal clothes have CLO values of 0.01 for the hat, 0.22 for the top and 0.03 for the socks. A CLO of 1 "represents the amount of insulation that allows a person at rest to maintain thermal equilibrium at 21 °C in a normally ventilated room". Hence the thermals have the ability to make a meaningful improvement to thermal comfort, particularly as the mean CLO values were around 0.75 (see Fig 3) , so wearing thermals would bring these values closer to 1.
We agree that it is difficult to change behaviour and this may be the primary reason why there was no large difference between the groups. We mentioned this in the conclusion: "The lack of improvement may reflect the difficulty of changing everyday behaviour". We now have added the idea of using reminder phone calls throughout winter (page 13).
In terms of adherence, we used the pre-specified per protocol analysis: "Participants in the thermal clothing arm were included in the per protocol analysis if they: reported use of the thermals at the midwinter phone call, and/or reported use of the thermals in the clothing diary". There was little difference between the intention-to-treat and per protocol analysis.
3. Only sleep quality at night was improved in the thermal clothing group. Which component of PSQI was most affected by thermal clothing? Were there any significant differences between the two groups?
Response: We used the overall Pittsburgh sleep score and did not plan to look at the seven components as we were concerned about multiple testing.
4. How do the authors distinguish the effect of thermal clothing from that of housing level insulation? It is not clearly explained in this study.
Response: See our response to the Associate Editor. In an additional analysis we adjusted for home insulation and -as expected -it made no difference to the primary outcome. We have not included this additional analysis.
Reviewer: 2 Reviewer Name: James Milner Institution and Country: London School of Hygiene & Tropical Medicine, UK
This manuscript reports on a randomised controlled trial of thermal clothing for improving health outcomes in heart failure patients in Australia.
The paper covers a potentially important research question that is well worth testing given the persuasive evidence for multiple health benefits due to improving home warmth in winter. If effective, thermal clothing could offer a more cost-effective and more easily implementable alternative to other measures such as improved home energy efficiency.
General comments:
The study had only a relatively small sample size and was not vastly larger than the pilot study, which was previously published in BMJ Open. This is not necessarily a problem but the paper should perhaps explain more carefully the benefits of this full study in comparison to the pilot work. Response: We gained many important insights from the pilot, which were used to improve this study's design. In particular, the pilot used self-reported data for many outcomes. Recruitment for this study was disappointing and in hindsight it would have been better to use multiple centres, however we only had sufficient funding for one centre. We have included some of the important differences to the pilot in the introduction (page 4).
Response: We used a simple design with one clear primary outcome and multiple secondary outcomes that could be combined into one table. This meant our results section was relatively short. We have added further results and discussion in response to comments from the reviewers.
Comment: For example, the final sentence of the abstract refers to the need to focus on e.g. improving home insulation but this is not discussed in any detail in the paper itself. Taking a broader view of the intervention, one drawback of thermal clothing is that it does not provide the important environmental benefits associated with home energy efficiency. It would be good to describe this and other trade-offs in the more detail in the discussion.
Response: This is a good point and we have added text to the discussion (page 13).
Comment: I would recommend a specialist review of the statistical methods by a statistician/epidemiologist.
Response: The statistician Martin Bland is reviewer number 4 who said "The trial appears well designed and analysed" (see below). Prof Bland had a few questions which we believe we have answered.
Comment: No CONSORT checklist is provided.
Response: The CONSORT checklist was included, we believe reviewers may have to look in the "supplemental files" section to see it.
Specific comments: Page 6 lines 25-27: It is not clear whether both the intervention and control arms received a thermometer. Based on page 6 it would appear that only the thermal clothing group were given this. Is it possible that the thermometer might have affected the behaviour of those people in the intervention group since they would be more aware of low temperatures?
Response: We have clarified that the control group received nothing (page 6). We agree that the thermometer could influence behaviour and that was by design, as making people more aware of low temperatures inside their home could influence them make themselves warmer. We previously said, "This was to help participants decide on when to wear the thermals", and we have now changed this to, "This was to help participants be more aware of the temperature inside their home and so help them decide on when to wear the thermals" (page 6).
Comment: Page 7 line 57: "...but this will be assessed in 2021". This is unclear and should be clarified for the reader.
Response: We have added the clarification "in order to allow a sufficient number of deaths to accumulate" (page 8).
Comment: Page 11 line 43: I found Figure 4 quite unclear. It might be better to summarise the data in some way, rather than plotting the raw data.
Response: It was a busy figure. What we aimed to show was the remarkable consistency across the study homes. Response: It's possible that some participants in the intervention group became more aware of the dangers of low indoor temperatures and hence used their heating more. However, highlighting such small increases that are not statistically significant might make readers think that we are trawling for positive results and are not giving a balanced interpretation of the evidence.
Comment: Page 12 lines 1 -20: The discussion of potential cost implications is relevant but somewhat speculative (given the lack of statistically significant effects). It's certainly valid to raise these points but I think the section should include more caveats for the reader. I would recommend toning this section down slightly.
Response: Our intention is to complete a formal cost-effectiveness analysis once the paper is published, hence we would like to keep this text to help justify this next paper. Such costeffectiveness analyses are often independent of statistical significance, hence these study results still may be useful for decision makers.
Comment: Page 12 line 53 to page 13 line 4: The discussion of limitations is relegated to just a few comments at the very end of the paper. I think the limitations should be explained in greater detail -in particular, key limitations related to the small sample size.
Response: We have added more comments on the small sample size and specifically how there may still be a health benefit that we have not detected (page 14). We have also added an earlier limitation about how reminder phone calls may have been needed (page 13).
Reviewer: 3
Reviewer Name: Rosie Day Institution and Country: University of Birmingham, UK Comment: This is a clearly written report on an interesting and innovative study. It appears well designed and appropriately analysed. It will be of wider interest to the public health community and the readership of the journal. I recommend some small revisions, mainly to aid with clarity of explanation. P5, methods section, participants. I think it would be useful to explain a little more, for an international audience, how target patients were identified as having heart failure given potential data protection restrictions. What permissions were needed, or how were data protection considerations dealt with?
Response: Patients were identified by an experienced research nurse, Andrea Beevers, in consultation with cardiologist David Platts. We recruited patients diagnosed with heart failure who came to Dr Platts' clinic, and also made the other cardiologists at the hospital aware of the study. We also recruited patients who had recently been diagnosed with heart failure after an emergency admission to hospital. All participants were made aware of the study and what data would be needed and signed an informed consent. We used the secure REDCap software to manage the data and any personal data were marked as such meaning only the principal investigator (Adrian Barnett) and research nurse (Andrea Beevers) had access to this data.
Comment: P6, intervention section. It would be useful here or in another appropriate place to have some more details on the thermal clothing. Were all items made of polypropylene? What does the clothing do in terms of insulation properties? What are its claims? Why were these items chosen and not e.g. leggings?
Response: All items were 100% polypropylene and we have edited the paper to reflect this (page 6). We have added some text about how thermals help people stay warm (page 6). We did consider leggings but decided against them because of a potential risk of falls when putting them on. These items were decided by the study team as well as discussions with heart failure patients. We have moved the text from the "Patient involvement" section to the methods on page 6.
Comment: Some other details of the intervention become apparent (mostly) from the appendix but would be useful to have some brief mention here. Where was the thermometer recommended to be put? Was the 18 degrees indoor or outdoor temperature? Were participants meant to wear the clothes during the day or at night, or both? If at night were they meant to be as well as usual nightwear? Were they meant to wear all the thermal clothes every time? Was the hat to be worn at night as well?
Response: We have added our instructions on where to place the monitor to the paper (page 6). The 18 degree threshold was for wherever they were, indoors or outdoors (we have now added this to the paper -page 6). In terms of the time of day, our instructions focused on the temperature rather than the time. In terms of nightwear our instructions were: "If the indoor temperature is below 18.0 °C degrees just before you go to bed, then wear the thermals in bed." Hence it was up to the participant as to whether this included their usual night clothes or not. We were also not prescriptive on what items should be worn as we simply referred to "the thermals", so it was up to the participant as to whether they wore the hat in bed. We plan to make all the data publicly available once this paper is published, and there are likely useful findings in the clothing data and indoor temperature data that we have not explored.
Comment: P7, data collection section. How often did participants fill in the diary? Did they note indoor or outdoor clothes? Daytime or night-time? (again this is apparent from the appendix but should be noted here).
Response: As suggested we have added more details on the diary to the paper (page 7). We suggested the participants completed the diary just before going to bed.
Comment: P8 statistical methods. Please say a few words about the distribution of the data in the pilot that led to the choice of non-parametric test.
Response: Here's the very helpful explanation from an anonymous reviewer of our pilot paper: "Number of bed-days in subjects over a period rarely follows a Poisson distribution for two reasons: (a) days in the same stay are not independent, (b) likelihood of a stay is correlated within subjects. This might well explain the counter-intuitive quite strong evidence for MORE bed-days in the intervention group totally dependent on one subject. Over-dispersed Poisson or negative binomial would be better, but still risky (results would depend on assumptions which could be tested only with limited power). A common approach and one that I think is robust is to use non-parametric methods (usually to compare medians). Or the authors may prefer alternative approaches to inference that avoid strong distributional assumptions, such as bootstrap and sandwich estimators."
Comment: P11, secondary outcomes section. Line 6-7 please clarify which group saw improved sleep (presumably the thermal clothing group).
Response: It was the intervention group and we have added this now (page 11).
Comment: Line 33-4 -it is interesting and quite surprising that the thermal clothing group did not show improved clo during the day despite the intervention. Any comment on what this might mean? Did they not wear the thermal clothing during the day, or did they compensate by wearing less of other things? 85% reported using the thermals but was this during the day as well as at night?
